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Background: Over 1,000,000 cardiac catheterizations (CC) are performed annually in the United States.
There is a small risk of complication that has persisted despite advances in technology. It is unknown whether
daily CC procedural volume can influence this risk. In an effort to improve outcomes at our academic
medical center, we investigated the relationship between daily CC volume and complication rates.
Methods: We obtained data from both the National Cardiovascular Data Registry (NCDR) Cath-PCI
and Lumedx© databases reviewing the records of patients undergoing scheduled, non-emergent CC at our
facility between January 2005 to June 2013. Daily CC volume was analyzed as were complications including
death, post-procedure MI, cardiogenic shock, heart failure, stroke, tamponade, bleeding, hematoma and
acute kidney injury (AKI).

Results: 12,773 patients were identified who underwent 16,612 CCs on 2,118 days. The average age was
63 years (SD 12.4; range, 18-95). 61% were men. A total of 326 complications occurred in 243 patients
on 233 separate days (2.0% CC complication rate). The average volume per day was 7.8 CCs. We found
a low correlation between daily complications and CC volume (Spearman’s rho =0.11; P<0.01) though
complication rates were lowest on days with 6-11 procedures; higher rates were found on slower and
busier days.

Conclusions: We observed a U-shaped association between CC volume and rates of CC complications.
The lowest complication rates were found on days with 6-11 procedures a day. The highest complication

rate was seen with >11 procedures a day.
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Introduction

Cardiac catheterization (CC) is a common procedure with
more than a million performed annually in the United
States (1). Prior studies have demonstrated an inverse
relationship between annual CC procedure volume and the
rate of complications. Higher volumes are associated with
lower complication rates (2,3). Four hundred CCs a year has
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been suggested as a goal to define high volume centers (4,5).
Facilities and physicians with high CC volumes consistently
experience low rates of complications including bleeding,
need for CABG and mortality (3,6-8). Daily volumes have
not been analyzed and little is known about the effect of

procedural volume on outcomes when trainees participate

in CC.
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Recognition of a possible relationship between trainee
workload and patient outcomes led the AGME in 2003
to institute restrictions on trainee work hours (9). Some
academic centers have reported an association between
increased surgical volumes and increased complication
rates (10). We hypothesized that an optimal daily volume
for CCs may exist at our academic training center.

Methods
Data source and patient population

We reviewed records from a large academic training
hospital. During the study period there was fixed daily
staffing by two board certified invasive/interventional senior
staff, two interventional fellows in training, post graduate
year (PGY)-7, one first year PGY-4 and either one second
year PGY-5 or third year PGY-6 cardiology Fellow. Three
catheterization laboratories were available each staffed by
two nurses or technologists. Staffing did not change over
the study period. Vascular access is obtained by trainees
of comparable experience under the supervision of senior
staff that did not change significantly over the time period
studied. Types of procedures performed include: left and
right heart catheterizations, coronary angiograms, and
percutaneous coronary interventions.

Data were obtained from the American College of
Cardiology (ACC) National Cardiovascular Data Registry
(NCDR) CathPCI Registry® and Lumedx® database of
adult patients undergoing non-emergent CCs at a large
tertiary care high CC volume hospital from January 2005
to June 2013. The patient identifiers were merged with
the health care system electronic medical records to obtain
additional demographic information.

Patients were included if they were adults with valid data
on age and date of the CC procedure. We excluded patients
undergoing CC on weekends or for emergent reasons.
In the event of multiple CCs on a single patient, only
the patient’s first procedure was utilized for patient-level
analyses.

Measures

Demographic information collected included patient age at
the time of CC, gender, and comorbidity burden in the year
prior to their first CC procedure. The comorbidity burden
of patients undergoing non-emergent CC was assessed using
the Charlson comorbidity score (11,12). The Charlson
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sums weights for 19 conditions that are correlated with
post-discharge mortality [including myocardial infarction
(MI), dementia, diabetes, and diabetes with complications]
as implemented in administrative data (13,14). The primary
endpoint was complications as it relates to daily procedural
volume. Procedural complications arising from CC were
recorded as dichotomies in the NCDR CathPCI Registry®
and included post-procedure MI, cardiogenic shock, heart
failure, stroke, tamponade, bleeding, hematoma, acute
kidney injury (AKI) defined as intraprocedural change in
creatinine exceeding 0.3 pmol/L, and death. AKI was also
determined by the use of ICD-9 code of 584.9 if occurring
within 3 days of CC. In addition the status of the CC was
obtained as recorded in the database as elective or urgent.

Analysis plan

Data were aggregated to the patient level to describe
the sample, to the date-of-procedure level to obtain
estimates of per-day risks, and to the procedure CC level to
estimate CC-specific risks. The clinic, its patients, and the
procedures were described by means (standard deviations),
medians and frequencies (percentages). The relationship
between daily procedural volume (as a continuous measure)
and complications was assessed with Spearman’s rank
correlation coefficient. This relationship was further
explored with daily CC volume which was categorized into
low, moderate or high after review of the finalized data.
Due to the distribution of rates of complications we suggest
that a low volume day is defined as a day with fewer than
six CC procedures, a moderate day had 6-11 procedures,
and a high volume day had 11 or more CC procedures.
The patient demographics were compared across volume
group classifications, employing Kruskal-Wallis tests for
continuous measures and chi-square analyses for categorical
measures. Multi-variable logistic regression was used
to model complication occurring during the first CC
procedure a patient had, assessing the influence of that
day’s volume on complication and adjusting for age, gender,
and comorbidities. A type I error of a=0.05 was assumed
throughout. All analyses were performed using SAS v9.2
(Cary, NC, USA).

Results

Overall, 12,773 patients underwent 16,612 CCs on 2,118 days.
About 59% of the procedures were considered elective
with the rest categorized as urgent. Elective and urgent

Cardiovasc Diagn Ther 2016;6(5):446-452



448

Table 1 Patient characteristics undergoing cardiac catheterization
procedures (N=12,773)

Patient characteristics Mean + SD or N (%)

Demographics

Age [18-95] years 63.5+12.4
Female 5,040 (39.5)
Charlson (0-15) 2.0+2.1
Mi 3,580 (28.0)
CHF 3,524 (27.6)
PVD 1,207 (9.5)
Stroke 1,449 (11.3)
DM 4,625 (36.2)
Procedures (N=16,612)
# of complications 326 (2.0)
Date-level measures (N=2,118)
Procedures/day 7.8+£3.7
Complications/day 0.2+0.9
Any complication 233 (11.0)

MI, myocardial infarction; Charlson, Charlson Comorbidity
Index; CHF, congestive heart failure, PVD, peripheral vascular
disease; DM, diabetes; SD, standard deviation.

procedures were frequently performed together on the
same day. An elective procedure was performed on 94%
of the days studied with an urgent procedure occurring
on 90% of the days studied. The average patient age was
63 years (SD =12.4; range, 18-95) and 61% were male
(Table 1). Patients undergoing CC had an average Charlson
comorbidity score of 2.0 (SD =2.1). MI and congestive
heart failure were each represented in 28% of the sample.
Nearly three-fourths had hypertension (73 %), and 69% had
dyslipidemia. Among the first recorded CCs, 243 (1.9%)
patients had complications.

On a procedural level, there were a total of 16,612 CCs
performed with 326 complications occurring in 243 patients
on 233 separate days (2.0% CC complication rate). The
highest number of CCs completed on any given day during
the study timeframe was 33 which occurred once, with the
fewest being 1 CC which occurred on 72 days. The average
volume per day was 7.8 CCs, and complications per day
averaged 0.2. (Table 1) On days with a complication, the
median procedural volume was 9 CCs compared to 8 CCs
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on days without a complication (P<0.01). Our population
showed a low correlation between daily complications and
CC volume (Spearman’s rho =0.11; P<0.01).

Complications rates by group

Table 2 contains patient demographics by CC daily
volume category (low, moderate or high). Patients on
low volume days had higher rates of MI, CHF, CKD
and hypertension compared to patients undergoing a
CC procedure on moderate or high volume days. The
lowest complication rates occurred in the moderate
volume group (1.4% vs. 2.18 % for low volume days and
3.16% for high volume days; P<0.01). Additional data are
presented in Figure 1 and Table 3.

Multivariable logistic regression analysis

The complication rate was not affected by volume in a
multivariable logistic regression model that adjusted for
patient clinical and demographic factors. In this model,
older age, female gender and greater comorbidity burden
were each associated with greater odds of a complication.
Specifically, female patients had nearly doubled odds of
complications compared to males (OR =1.9; 95% CI:
1.3-2.8; Table 4). In the unadjusted model accounting for
volume alone at the procedure level, high but not low
volume was found to be a risk factor for complications [OR
(high) =1.8; 95% CI: 1.4-2.2; Tuble 5.

Discussion

Our data suggests an association between daily
catheterization volume and complication rates at our
academic institution. During the time period studied, we
averaged around 2,850 procedures per year and based on
current guidelines are considered a high volume facility.
Cardiology trainees participate in all non-emergent cases.

A U-shaped association between daily procedural
volume and complication rate calls into question whether
or not there exists an optimal procedural volume for
catheterization labs operating with trainee involvement in
the majority of cases. Certainly, at our institution, we find
evidence for an upper limit for daily procedural volume
beyond which the safety of the procedure may decline (15).
Previous research corroborates higher complication rates
at centers with low volume, however, there have not been
sufficient studies to evaluate patient safety with regard to
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Table 2 Patient characteristics by volume group classification (16,612 total procedures)

Low-volume (1-5 events),

Moderate-volume

High-volume (>11 events),

Characteristic N (%) (6-11 events), N (%) N (%) P values
Procedures (N=16,612) 1,879 10,497 4,236

Age (mean + SD) 63.2+12.2 63.5+12.3 63.4+12.1 0.47
Female 734 (39.1) 3,997 (38.1) 1,563 (36.9) 0.21
Charlson (mean + SD) 2.3+2.2 2122 2121 <0.01
Mi 649 (34.5) 3,094 (29.5) 1,241 (29.3) <0.01
CHF 573 (30.5) 2,880 (27.4) 1,091 (25.8) <0.01
PVD 244 (13.0) 1,028 (9.8) 510 (12.0) <0.01
Stroke 274 (14.6) 1,287 (12.3) 608 (14.4) <0.01
DM 791 (42.1) 3,994 (38.0) 1,600(37.8 <0.01

MI, myocardial infarction; Charlson, Charlson Comorbidity Index; CHF, congestive heart failure; PVD, peripheral vascular disease; DM,

diabetes; SD, standard deviation.

3.5

NS

2.5

1.5

0.5

Complications per 100 cc

Low (1-5 CC) Moderate (6-11 CC) High (>11 CC)

Figure 1 Complication rates among volume groups (N=2,118
weekdays).

increasing procedural volume amongst high volume centers.
Similarly, there have been no studies comparing daily
procedural volume and complication rates. Our findings
illustrate the necessity of similar studies at both academic
and non-academic high volume centers to better understand
the relationship of procedural volume to patient safety.
While higher annual procedural volumes, in general, are
associated with lower complication rates, daily procedural
volume may have an upper limit (4,5). By evaluating and
adapting a schedule to accommodate optimal procedural
volume, high volume centers may be able to decrease their
annual complication rates further, specifically training
facilities. Moreover, the current guideline statement of
greater than 400 procedures per facility providing the
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lowest complication rate may underestimate the full risk
continuum in high volume centers. There indeed may
be an upper limit to annual procedural volume as well, at
any given facility, past which complication rates begin to
increase. Facilities wishing to improve their complication
rates would benefit from a thorough analysis of the
relationship of volume to complications on both a daily and
an annual level.

A daily limit beyond which complication rates increase
may be explained in part by fixed resources of staff and
equipment. When a facility must accommodate increased
daily volume time available for usual safety protocols is
arbitrarily decreased. In addition, preparatory time in
between patients is shortened and opportunity for staff
breaks decreases. Increased demand and stress leading to
hasty proceedings by staff may potentiate complications.

The slightly increased risk of complications found on
low volume days is likely multifactorial. There may be
some degree of selection bias whereby cases perceived to
be particularly complex or challenging are scheduled on
days with a lighter case volume to allow for more intensive
monitoring or in anticipation of longer procedure times.
Indeed, we observed that patients on lower volume days had
more co-morbid conditions with higher rates of baseline
CKD, MI and PVD. Another potential confounder may be
found in the effects of the complications on daily volume.
Diversion of resources due to complications could lead to
an attenuation or cancellation of previously planned cases
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Table 3 Complication rates by daily volume groups for the distribution of cardiac catheterization procedures (N=2,118 weekdays)

Group Days Total complications Total procedures Complication (%)
Low (1-5 procedures) 549 1,879 2.18
Moderate (6-11 procedures) 1,261 10,497 1.44
High (>11 procedures) 308 134 4,236 3.16

Table 4 Multivariable logistic regression modeling complication during the first CC procedure, assessing the influence of that day’s volume on

complication adjusted for patient factors (N=12,773 patients)

Variable OR (95% ClI) P value
Age (effect per decade) 1.44 (1.21-1.73) <0.01
Female 1.89 (1.26-2.84) <0.01
Charlson (range 0-15) 1.20 (1.12-1.29) <0.01
Low vs. moderate volume day 1.09 (0.56-2.15) 0.80
High vs. moderate volume day 1.42 (0.90-2.23) 0.13

Table 5 Multivariable logistic regression modeling complication (yes/no), assessing the influence of that day’s volume on complication at the CC

procedure level (N=16,612 CCs; 326 complications)

Variable OR (95% Cl) P value
Moderate volume day (reference)

Low volume day 1.24 (0.86-1.77) 0.25
High volume day 1.77 (1.40-2.24) <0.01

making case volume lower on these days than originally
planned.

As with all retrospective analyses, there are some
inherent limitations to our study. We used the NCDR cath
PCI information system as well the Lumedex information
system for data retrieval. Procedural information from our
catheterization lab is stored in these systems and reported
to the NCDR national registry. Information stored in this
manor is subject to reporting bias; however, data from
the NCDR registry has been validated nationwide with
raw accuracy score rates above ninety percent (16,17).
Another key limitation is the single center perspective from
which the study was conducted. Given the rather stable
practice during the study period along with trainees of
consistent levels of experience participating in the majority
of procedures, we believe our institution to be well suited

in the evaluation of our hypothesis. Annual complication
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rates at our facility are similar to nationally reported
averages at similar high volume centers (4,18). Hence, our
results can be assumed to be generalizable to similar high
volume centers. Nonetheless, we feel the optimal volume
for any given facility is likely variable due to practitioner
and patient variability, again highlighting the necessity for
thorough evaluation within individual high volume centers.

Exclusion of patients undergoing emergency procedures
also limits interpretation of the data. Though, our purpose
was to evaluate risk associated with urgent and elective
procedures which make up the vast majority of cases in
our, and all catheterization labs. We feel it is important to
consider emergent and non-emergent cases separately due
to the nature of the patients and the situations. Emergent
cases have expected higher rates of complications and may
cloud the interpretation of the relationship of volume to

complication rate (19). These cases were included, however,
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in daily procedural numbers. Complication rates pertaining
to emergent cases remains to be examined in future
research.

In conclusion, we find evidence for an upper limit on
daily procedural volume beyond which CC complication
rates appear to increase at our facility. We also found a less
significant increase in complication rates on low volume
days. The fewest complications occurred on days with
6-11 cases per day. Evaluating daily procedural volume
may represent an opportunity to further reduce the risk
associated with CC in high volume training facilities.
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